Introduction
============

The consequences of climate change will be felt in all of the world's continents, countries and populations.[@R1] As climate change proceeds, continuing temperature increases and changes in precipitation patterns will lead to rises in sea level and climatic zonal shifts. Climate change already appears to be increasing the frequency and intensity of droughts, floods, heatwaves, storms and other extreme weather events.[@R2]

At the United Nations climate summit held in Paris in late 2015, China committed to halting the growth in its emissions of so-called greenhouse gases by 2030. The peak in China's emissions of such gases could come by 2025 -- if not substantially sooner.[@R3] On 16 March 2016, the Chinese Government officially approved its 13th five-year plan, the blueprint for China's economic and social development between 2016 and 2020.[@R4] The aims of this plan, which was the first to highlight environmental protection as a key priority, include 23%, 15%, and 18% reductions in water consumption, energy consumption and carbon dioxide emissions, respectively, by 2020. Another of the plan's aims is to have good air quality -- as assessed by the density of fine particle matter -- on at least 80% of days per year by 2020. China's economy needs to shift from a heavily polluting model towards a cleaner and more environmentally friendly one -- and it is hoped that such a shift will lead to substantial improvements in population health and well-being.[@R3]^,^[@R4]

The most profound effects of climate change are likely to be on food, health systems and water, with cascading effects on various social systems.[@R5] This paper aims to provide an overview of the potential impact of climate change on food and water in China and the consequences of that impact on the population's health.

Climate, food yields and nutrition
==================================

Climate change will probably affect all four key dimensions of food supply: availability, stability, access and utilization.[@R6]^,^[@R7] It has been estimated that between 2012 and 2014, more than 2 billion people had so-called hidden hunger -- that is, micronutrient insufficiency -- and 795 million were undernourished.[@R8]^,^[@R9]

The world's mean surface temperature increased by 0.8 C during the 20th century and most of that increase occurred after 1970.[@R1] Changes in temperature and precipitation are already affecting regional agricultural and food production systems in many ways.[@R10]^,^[@R11] A recent meta-analysis projected that due to climate change, mean crop yields may decline across Africa and South Asia by 8% by the 2050s.[@R12] Climate change has therefore the potential to interrupt progress towards a world without hunger.[@R13] China, the world's most populous country and one of the fastest growing developing economies, is not exempt from the adverse effects of such change.[@R14] China already has to import grain in an attempt to meet its food needs, and the gap between those needs and national food production is likely to increase as climate change proceeds.[@R15]

Mean near-surface air temperatures across China rose by 0.5--0.8 °C during the 20th century and there is evidence that this process is accelerating.[@R1] Over the last 50 years, the frequency and intensity of extreme heat events in eastern China have increased and it has been suggested that anthropogenic forces have led to a 60-fold increase in the likelihood of extremely warm summers.[@R16] Over the same period, droughts in northern and north-eastern China have become more severe and flooding in the middle and lower reaches of the Yangtze River and south-eastern China has intensified.[@R1]^,^[@R16]

Food security and water security in China are intertwined with a variety of anthropogenic, sociopolitical and policy factors, including air pollution, industrialization, population growth, urbanization and the increasing affluence of China's middle class and the associated nutritional transition.[@R15] Urbanization has a severe impact on agriculture and agricultural costs in China, often leading to loss of fertile land.[@R17]^,^[@R18] Climate change, just as the current turbulence in the global energy and food markets, adds to the risks of food insecurity and is probably a factor in the keen interest shown by China and many other nations in improving agricultural fertility.[@R19]

[Table 1](#T1){ref-type="table"} summarizes the sown areas and yields of China's major farm crops in 2013.[@R20] About half of China's agricultural land is used to grow maize, rice or wheat.[@R20]^,^[@R21] China holds 22% of the world's population but only 7% of the world's arable land.[@R14] The *Fifth Assessment Report of the Intergovernmental Panel on Climate Change* indicated that climate change is already having a negative impact on agriculture and food production by adversely affecting major crops, livestock production and fisheries.[@R22] It remains unclear whether China can feed its entire population adequately in the 21st century.[@R14]^,^[@R21]^,^[@R23] Food insecurity remains a problem for China, especially for those living in poor and remote areas.[@R23] More than 100 million farmers and their families still experience poverty and are highly vulnerable to many forms of stress. Climate change is likely to exacerbate the problems they face, because they often lack the financial and other resources needed to respond effectively.[@R12] Unless carbon dioxide fertilization provides unexpected benefits, the overall effects of agricultural land conversion, climate change and reduced water availability could reduce China's per-capita cereal production, compared with that recorded in 2000, by 18% by the 2040s.[@R24] By 2030--2050, loss of cropland resulting from further urbanization and soil degradation could lead to a 13--18% decrease in China's food production capacity compared with that recorded in 2005.[@R25] The Asian Development Bank has predicted that as climate change proceeds, changes in precipitation and temperature will lead to droughts, severe storms and decreased agricultural productivity; subsidence will adversely affect freshwater fisheries, and increased temperatures will damage marine fisheries via ocean acidification and the loss of coral-reef nurseries.[@R26]

###### Areas sown with major food crops and corresponding outputs and yields, China, 2013

  Crop                                  2013 value**^a^**              Change compared with 2012 value^a^                          
  ------------------------------------- ------------------- ---------- ------------------------------------ -- --------- --------- ------
  **All**                               164 626.9           NA         NA                                      1 211.3   NA        NA
  **Beans and peas**                    9 223.6             1 595.3    1 730                                   −485.9    −135.3    −53
  Soybean                               6 790.5             1 195.1    1 760                                   −381.2    −109.9    −60
  **Cereals**                           93 768.6            55 269.2   5 894                                   1 156.2   1 334.5   71
  Foxtail millet                        715.7               174.6      2 440                                   −20.2     −5.0      NA
  Maize                                 36 318.4            21 848.9   6 016                                   1 288.6   1 287.5   146
  Rice                                  30 311.7            20 361.2   6 717                                   174.6     −62.4     −60
      Early                             5 804.4             3 413.5    5 881                                   39.5      84.4      106
      Middle-season and one-crop late   18 186.3            13 297.6   7 312                                   167.6     −59.2     −101
      Double-crop late                  6 321.0             3 650.1    5 774                                   −32.4     −87.6     −108
  Sorghum                               582.3               289.2      4 965                                   −40.8     34.1      864
  Wheat                                 24 117.3            12 192.6   5 056                                   −151.0    90.3      69
  Other                                 1 723.2             402.7      2 337                                   −91.7     −9.6      65
  **Tuber**                             8 963.3             3 329.3    3 714                                   77.4      36.6      9
  Potato                                5 614.6             1 918.8    3 418                                   82.7      63.6      64

NA: not available.

^a^ All data from the *China agriculture yearbook 2014*.[@R20]

However, there are multiple uncertainties in the estimation of the effects of climate change on food supply. Any relationship between weather and crop yield is often crop- and area-specific and affected by differences in baseline climate, crop management, soil and the duration and timing of the crop's exposure to various conditions. Rice yields have been found to be positively correlated with temperature in some areas of the world, but negatively correlated in others.[@R27]

The interaction between water resources and agriculture is likely to become increasingly important as climate changes. For example, crop productivity in China could be maintained or improved by irrigation -- but only if the necessary water is available.[@R28]. Many of the 60 million people who live in the Mekong River basin are dependent in some way on the fisheries and aquaculture that are likely to be limited in the future -- not only directly by climate change but also by changes in land use, flood mitigation, human population growth, increased off-take of water and overfishing.[@R29]^,^[@R30]

The impact of climate change is also likely to vary with the type of crop involved. For example, in the North China Plain, it has been projected that compared to the yields achieved in 1961--1990, maize yields will reduce by 9--10% during the 2020s, 16--19% during the 2050s and 25--26% in the 2080s.[@R31] In contrast, it has been suggested that in the same area of China, yields of winter wheat may increase as a result of climate change.[@R32]

Continued or recurring food shortages pose a substantial threat to overall community health and well-being, social stability and human nutrition -- especially the nutrition of children and other vulnerable groups. In China, much of the turmoil of past centuries and the destabilization of many great dynasties can be attributed to adverse climatic conditions that led first to food shortages and then to social disruption.[@R33]

Globally, about 2 billion people suffer from dietary iron and/or zinc deficiencies.[@R34] Cereals and legumes that are so-called C~3~ plants -- that is, plants that convert [carbon dioxide](https://en.wikipedia.org/wiki/Carbon_dioxide) and [ribulose bisphosphate](https://en.wikipedia.org/wiki/Ribulose_bisphosphate) into [3-phosphoglycerate](https://en.wikipedia.org/wiki/3-phosphoglycerate) -- provide these people's main dietary source of iron and zinc. Such plants produce edible seeds with relatively low iron and zinc concentrations when grown, under field conditions, with the elevated atmospheric carbon dioxide concentrations that have been predicted for the middle of the 21st century.[@R35] Elevations in the atmospheric concentration of carbon dioxide therefore threaten human nutrition.

Climate change poses a new challenge in the control of undernutrition in China -- which is already a problem, especially in poor rural areas. Of the children younger than five years included in a national survey carried out in China in 2013, 8.1% were stunted, 2.4% were underweight and 1.9% were wasted.[@R36]

Climate and water resources
===========================

Climate change is likely to have a major impact on global water resources by altering rainfall patterns and increasing the frequency of long and severe droughts in some areas, including China.[@R1] Water tends to be abundant in the south of China but scarcer in the north. Many areas of the country lie in transition zones where water resources, and hence agricultural production, are already being reduced by changes in climate.[@R17] Although in terms of the total volume of fresh water available in the country China is ranked sixth in the world, the amount of fresh water available per capita in China is only a quarter of the global mean value.[@R37] The north of the country, which is similar in land area and population to the south, holds only 18% of the total fresh water despite having 65% of the total arable land. The Huanghe -- or Yellow -- and Yangtze Rivers are the two largest rivers in China. In the south, the Yangtze River has shown a small and statistically non-significant increase in annual run-off since 1960, driven by increasing precipitation. In the north, over the same period, the Huanghe River has shown persistent decline in run-off as the result of decreasing precipitation and heavy water use.[@R38]

As run-off is an important determinant of future crop yields, the Huanghe River's declining run-off is already a cause for concern. It is difficult to estimate the effects of climate change on the future river flows in China for at least four reasons: (i) there are many uncertainties in regional climate projections and river management plans; (ii) glaciers will substantially influence water run-off in the future -- but our capacity to predict the effects of melting glaciers is limited because only a few studies have addressed this issue; (iii) overextraction of water for irrigation, industrial and domestic usages is likely to increase as the human population grows and becomes increasingly wealthy; and (iv) no long-term standard socioeconomic development scenarios are available for China. If climate change impedes China's agricultural production as projected,[@R39] it will also undoubtedly threaten population health and sustainable development.

Climate and health
==================

China, with its fragile ecological systems, may be particularly vulnerable to the negative impacts of climate change. Climate change is likely to increase the frequency and intensity of weather events that are sufficiently extreme to have major impacts on China's economy, environment and society.[@R22] In 2001 a drought caused temporary shortages in drinking water for 33 million rural people and 22 million livestock and cost China an estimated  6.4 billion United States dollars (US\$) in lost crop production.[@R40] Similar events are known to have occurred in China's history. Between 1585 and 1645, for example, China's population may have declined by up to 40% due to a collapse of law and order and years of economic distress and warfare that were all underpinned by droughts and floods and associated outbreaks of famine and disease.[@R41]

The short-term, direct impact of climate change on health in China is likely to be due to increased air temperatures and air pollution, which have already substantially increased morbidity and mortality.[@R42] Much of China, especially in the east, is affected by severe air pollution from fine particles that measure no more than 2.5 μm in aerodynamic diameter. A recent study projected future trends in the concentrations of such fine particulate matter and their short-term effect on mortality in eastern China.[@R43] In this study, two distinct scenarios were modelled: a current legislation scenario, in which daily concentrations of fine particulate matter between 2005 and 2030 were limited by legislation in effect in 2005, and a maximum-reduction scenario that included the potential effects of the greatest reduction in concentration of fine particulate matter that was technically feasible in 2005. For each scenario, the likely changes in mortality attributed to the modelled air pollution were estimated using six population projections, two mortality rate projections, and the known relationships between mortality and air pollution. Under the current legislation scenario, the annual mean concentration of fine particulate matter was projected to decrease by 0.62 μg per m^3^ between 2005 and 2030 -- a reduction that could avoid an estimated 124 000 deaths. The corresponding values recorded under the maximum-reduction scenario were a reduction of 20.41 μg per m^3^ and the prevention of at least 230 000 deaths.

China experienced extremely hot summers in 1988, 1990, 1994, 1998, 1999, 2002--2008 and 2013 and together, these resulted in thousands of excess deaths.[@R44]^,^[@R45] Heatwaves can specifically increase morbidity and mortality among individuals with cerebrovascular, cardiovascular or respiratory system diseases. In China, 45% of all deaths are already attributed to cerebrovascular or cardiovascular diseases and the associated health-care costs and economic impacts of the losses in the labour force are estimated to total more than US\$ 2500 million per year.[@R44] In the absence of protective measures, this burden is likely to increase as mean air temperatures rise. In a study based on daily mortality and meteorological data collected in 66 Chinese communities between 2006 and 2011, 5% of the excess deaths were associated with heatwaves.[@R46] In terms of the heatwave-associated mortality, certain groups, particularly individuals with cardiovascular, cerebrovascular or respiratory disease, the elderly and females, were found to be particularly vulnerable.

As well as full-blown heatwaves, climate change is also likely to increase the frequency of isolated hot days -- further impairing health and productivity for millions of working people.[@R47] Since high-temperature subsidies are allocated to Chinese employees for each day that they work in an extremely hot environment, hot days in China increase labour costs. The estimated mean annual cost of such subsidies between 1979 and 2005 was US\$ 6.22 billion, about 0.2% of China's gross domestic product.[@R47] Assuming that the legislation on these subsidies remains unchanged throughout the 21st century, it has been estimated that as climate change proceeds, they will cost the country US\$ 40.3 billion per year in the 2030s and US\$ 161.1 billion per year by 2100.[@R47]

In the medium or long term, the largest effects of climate change on human health are likely to be indirect, for instance causing changes in the availability of food, shelter and water, decreased mental health and well-being and variations in the distribution and seasonality of infectious diseases.[@R48] For example, climate change may have a major impact on malaria and other vector-borne diseases. When in a recent study the future distribution of malaria vectors and future changes in land use, urbanization and climate in China were modelled, the results indicated that by the 2030s, there would be a substantial increase in the size of the population exposed to the four dominant species of malaria vector in China.[@R49]

Policy implications
===================

This paper demonstrates that climate change may affect food, health systems and water in China in many ways. As globalization has linked China more closely with the rest of the world than ever before, attention should be paid to both the contribution of China to global warming and the effects of climate change on China. If China can rise up to tackle the challenges posed by climate change, its experience and success could provide useful guidance for other countries, particularly those in rapid transition. The world will encounter the consequences of climate change ever more clearly in the coming decades. It is encouraging to note that participants in the United Nations Framework Convention on Climate Change Conference that was held in Paris in late 2015 agreed to curb emissions of greenhouse gases and to try and keep global air temperatures no more than 2 °C above pre-industrial levels by the end of the 21st century. China has not only endorsed this agreement but has also issued its own so-called nationally determined contributions, which include several elements that if followed, should cause China's carbon dioxide emissions to peak by 2030. These elements include an increase in the share of total primary renewable energy to 20% by 2030, a decrease in the carbon intensity of the gross domestic product to 60--65% of the 2005 level and an increase in China's forest volume of 4.5 billion m^3^ -- again relative to the 2005 value.[@R50] If the proposed increase in forest stock can be achieved by sustainable reforestation that improves rural livelihoods and ecosystem services, then there may be co-benefits such as improvements in small-scale agricultural practices and local watershed management.

As no nation will be immune from the effects of a changing climate, concerted international commitment to reduce greenhouse gas emissions substantially at local, regional, country and global levels is still required.
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